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(57) ABSTRACT 

The present invention relates to systems and methods for 
providing a "lifeline" service to a VoDSL customer despite 
an electrical power outage or integrated access device failure 
at the customer premise. A bypass function is implemented 
in an integrated access device at the customer premise to 
provide the lifeline service. The bypass function is prefer- 
ably a relay, which can be automatically activated to provide 
the lifeline service under various conditions. The bypass 
relay, working in conjunction with systems in the central 
office and the regional switching center allows the customer 
to obtain an active telephone line during power outages or 
integrated access device failures. Electrical power is also 
supplied to the customer's premise from the central office, 
thereby allowing the customer to use a telephone line in the 
traditional manner. The present invention can further be 
implemented for any number of customers and telephone 
lines. 
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METHOD AND SYSTEM FOR SUPPORTING 
A LIFELINE ASSOCIATED WITH VOICE 
OVER DSL 

This is a continuation in part application of Ser. No. 
09/569,962, filed May 12, 2000. 

FIELD OF THE INVENTION 

The present invention relates to Voice over DSL (VoDSL) 
architectures for supporting a "lifeline" service. More 
particularly, the present invention is directed to systems and 
methods for providing a telephone service to a VoDSL 
customer despite an electrical power outage or integrated 
access device failure at the customer premise. 

BACKGROUND OF THE INVENTION 

Due to recent changes in the telecommunications industry 
(i.e., deregulation of local markets) and recent advance- 
ments in technologies that better utilize the existing copper 
loop infrastructure, digital subscriber line (DSL) is one of 
the most promising technologies for delivering viable low- 
cost, high-speed data to many business and residential 
customers. As is well known, DSL uses the existing copper 
loop that is traditionally used for conventional telephony to 
deliver voice and data at high bandwidth. DSL carries both 
voice and data signals simultaneously, in both directions, 
allowing a customer to log onto the Internet and make a 
telephone call at the same time. In other words, since DSL 
uses packet switching technology that operates indepen- 
dently of the voice telephone system, this allows telephone 
companies to provide Internet service and not lock up 
circuits for telephone calls. Thus, it is easy to understand 
why DSL technology is becoming the preferred method for 
sending/receiving both voice and digital data/signals in the 
telecommunications industry. 

As is well known, there are different competing forms of 
digital subscriber line technologies collectively designated 
as xDSL technologies with the "x" representing various one 
or more letter combinations, which are used in front of the 
"DSL" acronym to designate the type of technology being 
used. Some of the more prevalent xDSL technologies 
include HDSL, ADSL, SDSL, RADSL, VADSL, and VDSL. 

One particular technology known as Voice over DSL 
(VoDSL) provides multiple phone channels to be delivered 
over a DSL line, which itself is delivered over a single 
copper pair. Using VoDSL, multiple services — voice, data, 
fax, video conferencing, etc. — can be delivered over the 
single copper pair. In other words, by enabling up to, for 
example, 24 telephone channels (can be more or less than 
24) and high-speed Internet access (typically at speeds up to 
1.5 megabits per second) to be delivered over a single DSL 
connection, VoDSL systems allow service providers to apply 
DSL broadband access networks to small to mid-size busi- 
ness markets and residential homes. VoDSL essentially turns 
one copper pair into multiple telephone channels and one 
high-speed data channel. This substantially lowers the infra- 
structure cost for delivering such services when compared to 
Tl lines or multiple copper pairs. 

FIG. 1 illustrates a simplified diagram of a conventional 
VoDSL architecture. In the conventional architecture, a 
regional switching center is connected to a customer premise 
(residential, business, small office/home office — SOHO, 
etc.) via a central office (CO) and a copper loop 10 (pair of 
copper wires). In the customer premise, an integrated access 
device (IAD) 12 (perhaps in a wiring closet) is connected to 
a data terminal such as the PC and multiple voice terminals 
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such as telephones PH-1, . . . , PH-m, where m is some 
arbitrary number of channels/telephones. As known, the 
IAD 12 delivers both voice and data services to the customer 
and is described in greater detail later herein. 

5 The IAD 12 is connected to a DSL access multiplexer 
(DSLAM) 8 at the CO via the copper loop 10. As known, the 
DSLAM 8 generally receives incoming DSL signals and 
aggregates the traffic onto high-speed uplink trunks such as 
DS3 or SONET optical link. 

30 In the regional switching center, an ATM (asynchronous 
transfer mode) switch 6 is connected to the DSLAM 8 via 
the high speed trunk such as DS3 or SONET optical link. 
ATM is a high-speed networking standard used in WANs 
and often used to route DSL traffic to the Internet backbone. 

15 One ATM switch 6 can be connected to many DSLAMs 
(hundreds, thousands) 8, which in turn, can support many 
IADs 12. The ATM switch 6 is further connected to a data 
network (e.g., Internet) and a public switched telephone 
network (PSTN) via a voice gateway 4 and a Class 5 voice 

20 switch (C5) 2. 

The C5 switch 2, gateway 4, ATM switch 6, and DSLAM 
8 are well known in the industry and thus will not be 
discussed in great detail. Communication interface between 
the gateway 4 and the C5 switch 2 is through an interface 

25 standard such as TR-303 or TR-008. The TR-303 and 
TR-008 are standard interfaces developed for the North 
America PSTN for inter-working of voice switches and 
digital loop carrier (DLC) systems. 

30 The C5 switch 2, gateway 4, ATM switch 6, DSLAM 8, 
and IAD 12 are conventionally known as network elements 
in the reference model for the conventional architecture. The 
IAD 12 is not an independent network element per se, but 
rather a subtending subsystem to the gateway 4. Thus, the 

35 gateway 4 and the subtending IAD 12 form an independent 
network element. Each gateway 4 and C5 switch 2 can 
support multiple IADs 12, depending on their capacities. 

Associated with each network element is a software 
program generically known as an element management 

40 system (EMS), which manages the operation of each net- 
work element. The operation, administration, and mainte- 
nance (OAM) functions of the VoDSL network is performed 
by an operation support system (OSS) which supports the 
C5 switch 2, and works in conjunction with the EMSs for 

45 managing the gateway 4 and DSLAM 8. The OSS controls 
and coordinates all the network elements. 

During operation, the IAD 12 receives, digitizes, 
packetizes, compresses the voice and data signals and for- 
mats them for transmission from the customer. The IAD 12 

so then sends the voice and data signals out in separate virtual 
circuits, with the voice circuit getting priority. Virtual cir- 
cuits are connected to the DSLAM 8, which combines 
virtual circuits from multiple customers and/or IADs 12 and 
send them to the ATM switch 6 in the regional switching 

55 center. The ATM switch 6 then sends the data signals to the 
data network such as the Internet and the voice signals to the 
voice gateway 4. The gateway 4 decompresses and depack- 
etizes the signals and sends them to the C5 switch 2, which 
signals are then sent to the PSTN. 

60 Conversely, when the signals are sent from the regional 
switching center to the customer premise, the gateway 4 
receives digital voice signals and formats them into packets 
for transmission to the ATM switch 6. The ATM switch 6 
also receives data signals from the data network. These 

65 signals are then sent to the IAD 12 through the DSLAM 8 
and copper loop 10. The IAD 12 receives the signals and 
distributes them to the proper terminals. 
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FIG. 2 illustrates a more detailed diagram of a DSLAM a need for reliable and efficient systems and methods for 

and IAD in the conventional VoDSL architecture of FIG. 1. providing a lifeline support to a VoDSL customer during a 

In greater detail, the DSLAM 8 consists of an ATM interface power outage, IAD failure, and the like at the customer 

block (AIB) 20 connected to n-number of DSL (xDSL) premise. The lifeline support is needed to keep a telephone 

termination unit-CO (TU-C) 22a, 22i, 22n. Each TU-C 22a, 5 line or "lifeline" available during emergency or other situ- 

22i, 22n is further connected to a loop pair (pair-1, pair-i, ations. 
pair-n), which terminates at a corresponding IAD-I 12a, 

IAD-i 12/, LAD-n 12*. As can be appreciated, there will be SUMMARY OF THE INVENTION 

n-number of IADs corresponding to n-number of TU-Cs and In view of the above-described problems of the prior art, 

loop pairs. 10 it is an object of the present invention to provide systems and 

Using IAD-i 12* as an example, it consists of an DSL methods for providing a lifeline support to a VoDSL cus- 

(xDSL) termination unit-remote (TU-R) 30 or similar unit tomer. 

that is further connected to a service interface block (SIB) It is another object of the present invention to provide a 

32. The SIB 32, which distributes signals to different lifeline support to a VoDSL customer using the existing 

terminals, is further connected to a data module (DM) 34 for 15 VoDSL architecture. 

high speed data service to the data terminal (PC) and to [ t is yet another object of the present invention to provide 

m-number of phone modules PM1 36-1, PMm 36-m, which a lifeline support when there is an electrical power outage at 

are connected to multiple telephones PM-1, PM-m, respec- the customer's premise having VoDSL service, 

lively. Currently, m can be any arbitrary number such as 14, h fa a filrther object of ^ Q{ tQ ^ a 

16, 24, so long ,as the system components can support the m 20 ^ ^ fa ^ ^ d 

number of telephone lines. Accordingly, the IAD-i 12i faihire at the customer > s premise having Vo DSL service, 

typically supports one high-speed data port and m-number Ti . - j. « . A . 

of tele hone orts it 1S still a further object of the present invention to 

, provide systems and methods for actuating a bypass function 

To fully implement the conventional VoDSL system, in an IAD located at the customer premise, 

power ^supplied to the IAD-i 12/ using a power supply (PS) ft fa anQther object Qf me ^ ^ ^ 

39 (110 Vrms, 60 Hz) from the customer premise because it . \ , i- , npT 

. , ■ ii / i_i x ,/ Tin -ivr one or more active telephone lines to one or more VoDSL 

is not economically feasible to power the IAD-i V2i from a . u i * • i IAn ,., wl _ 

. 4 . /,. . iL ^ , . , c ^ customers when electrical power or IAD failure occurs at the 

CO battery. In addition, the connecting terminals of the , 

TTT ir a ttt Ti in * tu • 11 customers premises. 

TU-C 22i and TU-R 30 to the copper pan" are normally _ , „ , . 

capacitively coupled, meaning that there is no DC electrical 30 Ti f ac and other ob J ects of J he P resent U ™* M are 

path. As a result, the PS 39 takes AC power and converts it obtalned b y P rov » din g f »W»» f" ncll ° n in J»* IAD kxaled 

into DC voltage source to power the electronics within the m customer s premise. The bypass function is preferably 

IAD-i 12/ a re ^ a y» wmcn can De automatically activated to provide the 

Ai4l _. . , . . . ^ ^ . 4 iL . lifeline support. The relay in the IAD, working in conjunc- 

At this point, it is important to point out that the copper %u * * *u * i *c ^ *u • i 

. « ™ T 35 tion with systems in the central office and the regional 

pairs connecting the DSLAM 8 to the IADs 12a, 12i, 12/i are u . * 4U 4 * u* • *• 

f,,„ T iL & j . _ _ ' « • switching center allows the customer to obtain an active 

dry. In other words, there is no DC current flowing . , , ,. . . , . 4 

. *u r *t_ r^r^ . . telephone line. Electrical power is supplied to the custom- 
through the copper pairs from the CO to the customer , c 4U * i «= •£ u « ■ a. 

■ ■ iL t^ot ^ i cr s premise from the central office, thereby allowing the 

premise in the conventional VoDSL system. Conversely, in t . . , . ,. . . , 

r i . . i . u.ii . ✓twt—.v customer to use a telephone line in the traditional manner, 

a conventional plain , old telephone system (POTS), the 4Q ^ , invention ^ n be tapkmented for any number 

copper pairs are wet, which means that there can be DC Qf c ^ mDBa ^ tel hone lines P 
current flowing through them. Wet copper pairs are normally 

connected to the CO battery to provide loop supervision and BRIEF DESCRIPTION OF THE DRAWINGS 

talk current to the telephone. 

, . , . . These and other objects and advantages of the present 

There are several major shortcomings and disadvantages 45 mvention wiu m ^ mQK readil 

associated with the conventional VoDSL architecture. For a , ed from , he fo „ owi detai , ed descri tion of the tl 

example, because the IAD is powered from the customer fcrred exem lary erabodiments of iQvention taken in 

premie, electrical power outage at the customer s premise conjunction with me aocompanying drawings> of which: 

results in lost of services, and in particular telephone service . .„ . , , , , 

to the customer. Further, a failure or defect in particular 50 . Fl( ?J '"f^f ^ t a ^mphfied block diagram of a con ven- 

components of the IAD can also result in lost telephone and llonal WoD ^ architecture; 

data service to the customer. These shortcomings and dis- FIG - 2 illustrates a more detailed diagram of a DSLAM 

advantages are typically uncommon in the POTS system, and IAD in tne conventional VoDSL architecture of FIG. 1; 

since the telephone service is powered by the CO battery FIG. 3 illustrates a simplified block diagram of a VoDSL 

rather than power from the customer's premise. 55 architecture with lifeline support in accordance with the first 

As a result, power outages and/or IAD failures prevent the preferred embodiment of the present invention; 

customer from using his/her telephone for an unspecified FIG. 4 illustrates a more detailed block diagram of the 

period of time. This can be unacceptable when there is an DSLAM, cross connect, and IADs in accordance with the 

emergency and 911 service is needed. This lack of a "lifeline first preferred embodiment of the present invention; 

support" has been viewed by many in the telecommunica- go FIG. 5 illustrates a simplified block diagram of a VoDSL 

tions industry to be the critical factor inhibiting the wide- architecture with lifeline support in accordance with the 

spread deployment of VoDSL technology. second preferred embodiment of the present invention; 

As stated above, the conventional VoDSL architecture is FIG. 6 illustrates a more detailed block diagram of the 

generally workable when there is adequate and stable power DSLAM, cross connect, and IADs in accordance with the 

at the customer premise, but is found to be inadequate and 65 second preferred embodiment of the present invention; 

unworkable when there is a power outage and/or IAD FIG. 7 illustrates a flow diagram showing the call origi- 

failure/defect at the customer premise. Accordingly, there is nation operation from the customer premise in accordance 
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with the first and second preferred embodiments of the 
present invention; 

FIG. 8 illustrates a flow diagram showing the call termi- 
nation operation to the customer premise in accordance with 
the first and second preferred embodiments of the present 
invention; 

FIG. 9 illustrates a matrix architecture to enable traffic 
optimization in accordance with the first preferred embodi- 
ment of the present invention; 

FIG. 10 illustrates a matrix architecture to enable traffic 
optimization in accordance with the second preferred 
embodiment of the present invention; 

FIG. 11 illustrates a more detailed block diagram of the 
RCB within the IAD in accordance with the first and second 
preferred embodiments of the present invention; and 

FIG. 12 illustrates an example of a detailed circuit dia- 
gram of the SC in accordance with the first and second 
preferred embodiments of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention will now be described in greater 
detail, which will serve to further the understanding of the 
preferred embodiments of the present invention. As 
described elsewhere herein, various refinements and substi- 
tutions of the various embodiments are possible based on the 
principles and teachings herein. 

The preferred embodiments of the present invention will 
be described with reference to FIGS. 3-12, wherein like 
components and steps are designated by like reference 
numerals throughout the various figures. Further, specific 
parameters such as system architecture, circuit layouts, and 
the like are provided herein, and are intended to be explana- 
tory rather than limiting. 

The present invention is directed to methods and systems 
for supporting a lifeline in an VoDSL architecture. In other 
words, the present invention allows a customer to use a 
telephone line on the VoDSL system even though there is an 
electrical power outage or IAD failure at the customer 
premise. This is accomplished by bypassing certain compo- 
nents in the IAD in the customer premise and "substituting" 
them with those from an IAD in the CO. In addition, the 
present invention provides the necessary electrical power to 
the customer's telephone from the CO. 

FIG. 3 illustrates a simplified block diagram of an VoDSL 
architecture with lifeline support in accordance with the first 
preferred embodiment of the present invention. The system 
according to the first preferred embodiment includes the 
network elements and components similar to those described 
in the conventional system, but includes additional elements 
such as a metallic cross connect unit (CX) 102, a relay K 
therein, and an integrated access device (IAD-C) 104 con- 
nected to the CX 102 at the CO. The present invention also 
includes a metallic bypass relay K b within the IAD 212 at 
the customer premise, which relay K fc is illustrated is in its 
de-energized state in FIG. 3. 

In greater detail, the CX 102 such as model "CX100 
Copper CrossConnect System" from Turnstone Systems, 
Inc. is positioned in between the DSLAM 8 and the IAD 
212. The CX100 Copper CrossConnect System is a platform 
that automates the physical layer infrastructure in the CO, 
enabling ILECs and CLECs to remotely control, test, and 
manage the copper pair 10. Additional information regard- 
ing Turnstone System's CX100 Copper CrossConnect Sys- 
tem can be found at the web site trunstone.com, which 
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contents are herein incorporated by reference. It is also noted 
that other units providing similar functionalities as the 
CX100 Copper CrossConnect System can be implemented 
in the present invention. 

Since these additional components/devices are included 
in the present invention, the OSS is required to communicate 
with the element management software associated with the 
CX 102 in its overall operation, administration, and man- 
agement process of the overall system. Therefore, the OSS 
will incorporate the new CX 102 software as an integral part 
of the coordination activities to operate the VoDSL system 
of the present invention. 

Under normal system operation condition (i.e., VoDSL 
service), the DSLAM 8 is connected to the IAD 212, 
transparently through the CX 102. In other words, the CX 
102 has very little effect to the VoDSL service from the 
customer's standpoint. The relay Ki, is set in the energized 
state (opposite to that shown in FIG. 3) using power from the 
customer premise, thereby connecting the telephone PH-m 
to the components that are represented by block 12/ (i.e., 
components in the IAD 12/ in FIG. 2). The normal operation 
condition is similar to that described in the Background 
section herein. 

As mentioned earlier, the present invention provides 
methods and systems for providing a telephone service to 
the customer during a power outage or IAD 212 failure at the 
customer premise. When an outage occurs or particular 
components of the IAD 212 fails, relay K b is de-energized 
(as shown in FIG. 3), thereby connecting the telephone 
PH-m or any other "lifeline terminal'* directly to the tip and 
ring wires of the loop pair and bypassing block 12/ in the 
IAD 212. These "particular components" of the IAD 212 
that cause the relay K b to be de-energized upon failure are 
well known in the art. 

At the same time, the OSS (i.e., system software) receives 
information or status about such outage or IAD 212 failure 
associated with the particular loop pair. The OSS, working 
in coordination with the other EMSs, commands the CX 102 
EMS to actuate the relay K residing therein. When relay K 
is actuated, the IAD-C 104 is connected to the DSLAM 8 on 
one end and to the telephone PH-m on other end. This, in 
turn, establishes a direct path from the DSLAM 8 through 
the IAD-C 104 to the telephone PH-m. In this manner, 
electrical power from the CO can be used to provide an 
active telephone line to the VoDSL customer, which addi- 
tional details are described later herein. This results in at 
least one phone line/channel (e.g., line m) or lifeline within 
the customer premise being active, while the remaining 
phone lines (m-1 lines) or channels and the data port line 
remain inactive until the outage or IAD 212 failure is fixed. 
Additional details regarding specifics conditions for provid- 
ing the lifeline support is described later herein. 

FIG. 4 illustrates a more detailed block diagram of the 
DSLAM 8, CX 102, and IADs in accordance with the first 
preferred embodiment of the present invention. As described 
earlier herein, the DSLAM 8 includes the AIB 20 and 
multiple TU-C blocks 22a, 22/, 22n connected thereto, and 
need not be discussed in further detail. 

The essential components of the CX 102 consists of a 
control bus (CB) connected to a CX control (CTRL) 150, a 
test bus (TB) connected to a test head (TH) 152, bypass bus 
on the equipment side (BE), bypass bus on the loop side 
(BL), test access relays (KT1, KTi, KTn), relays Kl, Ki, Kn 
for connecting the IAD-C 104 to the DSLAM 8 and copper 
pairs, and battery injection and loop supervision (B1LS) 
blocks 28a, 28/, 28*. A more detailed description of the 
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BILS can be found in the co-pending U.S. application Ser. 
No. 09/493^42 filed Jan. 28, 2000, titled "Battery Injection 
and Loop Supervision for DSL Environment", commonly 
owned by the assignee of the present invention, the contents 
of which are expressly incorporated herein by reference. The 
test head 152 includes a conventional processor board such 
as a P150 processor (e.g., CX100 Copper CrossConnect 
System), and the test access relays KT1, KTi, KTn or 
equivalent functional elements can be used to connect the 
test head 152 to the copper pair-1, pair-i, pair-n. 

The IAD-C 104, which is connected to the CX 102 
through the relays Kl, Ki, Kn, consists of an DSL (xDSL) 
termination unit-remote (TU-R) 31, a service interface block 
(SIB) 33, and a phone module-CO (PMC) 37 (terminal 
module). These components/devices are similar to the cor- 
responding components/devices in the IAD 212/ (described 
below) and those in the IAD 12/ of FIG. 2, with the 
exception of the PMC 37. Further, the BE and the BL 
connect multiple loop pairs to the TU-R 31 and PMC 37, 
respectively. In this manner, the IAD-C 104 can be inserted 
into any one of the loop pairs connected to the BE/BL buses 
at any given time. Stated alternatively, one IAD-C 104 can 
provide a lifeline service to n-number of loop pairs at one 
loop pair at a time. 

In other situations, it may be necessary to support more 
than one loop pair at a time for lifeline service to provide 
higher availability of such services. This can be accom- 
plished by providing multiple IAD-Cs as illustrated in FIG. 
9, which is described in greater detail later herein. 

Again using the IAD 212/ as an example, it consists of the 
same components/devices as those described in the IAD 12/ 
such as the TU-R 30, SIB 32, DM 34, PM1 36-1, PMm 
36-m, and PS 39. The IAD 212/, however, includes addi- 
tional components/devices such as a relay control block 
(RCB) 214 and the bypass relay K fe , as described above. 

As discussed above, during normal VoDSL operating 
condition, the TU-C 22/ is connected directly to the TU-R 
30, and the relay K B is energized so that the telephones 
PH-1, PH-m are connected to the phone modules PM1 36-1, 
PMm 36-m as in the conventional system. However, when 
a power outage or particular components of IAD failure 
occurs at the customer premise, the relay K B is de-energized 
causing the connection from telephone PH-m to phone 
module PMm 36-m to be terminated. Meanwhile, the same 
telephone PH-m is connected directly to the tip and ring 
wires by bypassing the phone module PMm 36-m, SIB 32, 
and TU-R 30. Simultaneously, the TU-C 22/ recognizes the 
bypassing of these components through communication 
protocols between the TU-C 22/ and the TU-R 30 and 
reports this event to the OSS. With this information, the OSS 
recognizes the affected loop pair and places it in the lifeline 
support mode. The OSS will also send commands to the 
appropriate network elements to block service to the data 
module and the other telephone channels within the affected 
IAD, with the exception of the one lifeline telephone chan- 
nel. 

FIG. 5 illustrates a simplified block diagram of an VoDSL 
architecture with lifeline support in accordance with the 
second preferred embodiment of the present invention. The 
system according to the second preferred embodiment 
includes the network elements and components similar to 
those described in the system of the first preferred 
embodiment, but includes a metallic cross connect unit (CX) 
103 (similar to CX 102) connected to an integrated access 
device (IAD-C) 105 through a single bus BL, and a DSLAM 
9 connected to the IAD-C 105 through a lifeline link (LK) 
connection. 
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Under normal system operation condition (i.e., VoDSL 
service), the DSLAM 9 is connected to the IAD 212, 
transparently through the CX 103. In other words, the CX 
103 has very little effect to the VoDSL service from the 

5 customer's standpoint. The relay is set in the energized 
state (opposite to that shown in FIG. 5) using power from the 
customer premise, thereby connecting the telephone PH-m 
to the components that are represented by block 12/ (i.e., 
components in the IAD 12/ in FIG. 2). The LK connection 

10 does not carry any traffic load signals under the normal 
operating condition. 

When an outage occurs or particular components of the 
IAD 212 fails, relay K b is de-energized (as shown in FIG. 3), 
thereby connecting the telephone PH-m or any other "life- 

15 line terminal" directly to the tip and ring wires of the loop 
pair and bypassing block 12/ in the IAD 212. 

At the same time, the OSS (i.e., system software) receives 
information or status about such outage or IAD 212 failure 
associated with the particular loop pair. The OSS, working 

20 in coordination with the other EMSs, commands the CX 103 
EMS to actuate the relay K residing therein. When relay K 
is actuated, the IAD-C 105 is connected to the DSLAM 9 via 
the LK connection on one end and to the telephone PH-m on 
other end. This, in turn, establishes a direct path from the 

25 DSLAM 9 via LK connection, through the IAD-C 105 and 
the loop pair to the telephone PH-m, with the power to 
operate the telephone PH-m originating from the IAC-C 
105. This results in at least one phone line/channel (e.g., line 
m) or lifeline within the customer premise being active, 

30 while the remaining phone lines (m-1 lines) or channels and 
the data port line remain inactive until the outage or IAD 212 
failure is fixed. 
FIG. 6 illustrates a more detailed block diagram of the 

35 DSLAM 9, CX 103, and IADs in accordance with the 
second preferred embodiment of the present invention. As 
described earlier herein, the DSLAM 9 includes the AIB 20 
and multiple TU-C blocks 22a, 22/, 22n connected thereto. 
The DSLAM 9 further includes an TU-CL (DSL Termina- 
tion Unit-Central Office Lifeline) 222 connected to the AIB 
20. 

Similar to the CX 102, the essential components of the 
CX 103 consists of the control bus CB connected to the CX 
control (CTRL) 150, the test bus (TB) connected to the test 
45 head (TH) 152, bypass bus on the loop side (BL), test access 
relays (KTI, KTi, KTn), relays Kl, Ki, Kn for connecting 
the IAD-C 105 to the DSLAM 9 and copper pairs, and 
battery injection and loop supervision (BILS) blocks 28a, 
28/, 28/j. 

50 The IAD-C 105, which is connected to the CX 103 
through the relays Kl, Ki, Kn, consists of an DSL (XDSL) 
termination unit-remote lifeline (TU-RL) 333, the service 
interface block (SIB) 33, and the phone module-CO (PMC) 
37 (terminal module). The BL connects multiple loop pairs 

55 to the PMC 37 via relay Kl, Ki, Kn. In this manner, the 
IAD-C 105 can be inserted into any one of the loop pairs 
connected to the BL bus at any given time. Stated 
alternatively, one IAD-C 105 can provide a lifeline service 
to n-number of loop pairs at one loop pair at a time. 

60 The TU-CL 222 is preferably an optimized version of the 
TU-C 22a 9 22/, 22«, for interfacing with a much shorter loop 
length. Similarly, the TU-RL 333 is also an optimized 
version of the TU-R 30. As described above, the PMC 37 has 
the same functionality of the PM 36-1, 36-m, as in the IAD-i 

65 212/, except that the PMC 37 has to interface to a longer 
loop length and has a more stringent outside plant operating 
environment. 
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In other situations, it may be necessary to support more 
than one loop pair at a time for lifeline service to provide 
higher availability of such services. This can be accom- 
plished by providing multiple PMCs in the IAD-C as 
illustrated in FIG. 10, which is described in greater detail 
later herein. 

FIG. 7 illustrates a flow diagram showing the call origi- 
nation operation from the customer premise in accordance 
with the first and second preferred embodiments of the 
present invention. Reference will be made to FIGS. 3-6 
concurrently for a more complete understanding of this 
operation. Assuming loop pair i is in the lifeline support 
mode, to make a telephone call, the telephone PH-m is taken 
off-hook in step 502. The BILS 28/ detects the off-hook 
status and reports it to the CTRL block 150 via the control 
bus CB in step 504. In step 506, the EMS for the CX 102 or 
CX 103 then transmits this status to the gateway 4 for 
processing the request for lifeline service. A "call process- 
ing" software in the gateway 4 then commands the CX 102 
or CX 103 to actuate the relay Ki therein in step 508. 
Thereafter, after actuating the relay Ki, the IAD-C 104 or 
IAD-C 105,is inserted into the copper pair-i in step 510. In 
the first preferred embodiment, the TU-C 22i is then con- 
nected to the TU-R 31 through bus BE, and the telephone 
PH-m is connected to the PMC 37 through bus BL and the 
copper pair-i. In the second preferred embodiment, the TU-C 
22* is disconnected and the voice path to the phone PH-m is 
through the TU-CL222, TU-RL333, SIB 33, PMC 37, bus 
BL and the loop pair. 

The PMC 37 possess all the functionality required to 
support the traditional POTS service. The POTS function- 
ality is known to as the "BORSCH" function, which stands 
for "Battery Overvoltage Ringing Supervision Codec 
Hybrid". At this stage, the PMC 37 provides power and a 
dial tone to the customer in step 512, which allows the 
customer to originate a call from the customer premise in the 
traditional manner. The PMC 37 has the same functionality 
as the PMm 36-m in the lAD-i 212* except that the para- 
metric requirement has to comply with longer loop length. 
The PMC 37 is commonly known and widely available in 
the industry. 

It should be noted that the supervision of the affected loop 
pair is a two step process where in the first step, the loop pair 
is supervised by the BILS 28/ during the idle state. Once an 
off-hook condition is detected, the loop pair is supervised by 
the PMC 37 in the second stage. This process is essential to 
support simultaneous and multiple copper loop pairs. 

FIG. 8 illustrates a flow diagram showing the call termi- 
nation operation to the customer premise in accordance with 
the first and second preferred embodiments of the present 
invention. Again, reference will be made to FIGS. 3-6 
concurrently for a more complete understanding of this 
operation. 

When a telephone call is made to the lifeline telephone 
PH-m, the incoming call is received by the "call processing" 
software in the gateway 4 in step 602. The gateway 4 
identifies that the particular call is for a lifeline telephone 
PH-m in step 604, and commands the CX 102 or CX 103 to 
actuate the relay Ki corresponding to the loop pair-i in step 
606. When the relay Ki is actuated, this results in inserting 
the IAD-C 104 or IAD-C 105 into the copper pair-i in step 
608, as described above. In step 610, the call processing 
software commands the CX 102 or CX 103, which in turn 
activates the ringing function in the PMC 37 to send a 
ringing voltage to the telephone PH-m. 

The customer answers by picking up the phone receiver, 
creating an off-hook condition. This off-hook condition is 
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detected by the supervision circuit in the PMC 37, which 
immediate causes the removal of the ringing voltage. 
Thereafter, a voice path is established between the two 
parties as in the conventional system. 

5 It is evident from the call origination and termination 
descriptions provided above that each time a lifeline call is 
active, one set of BE/BL buses or one BL bus is occupied 
and it can not support another "call" on the same bus at that 
time. To overcome this limitation, matrix architectures as 

10 illustrated in FIGS. 9 and 10 can be implemented. 

FIG. 9 illustrates a matrix architecture to enable traffic 
optimization in accordance with the first preferred embodi- 
ment of the present invention. The copper cross connect 
matrix in the CX 102* now has p-number of BE/BL buses 

15 with each terminating with a corresponding IAD-C1 104a, 
IAD-Cp 104p for a total of p-number IAD-Cs. 
Consequently, the CX 102* architecture can support mul- 
tiple lifeline services simultaneously. 

In greater detail, assuming one set of BE/BL bus is 
occupied, the next call to/from the lifeline telephone can be 
supported by a different set of BE/BL bus in the CX 102*. 
This process can continue until all the available sets of 
BE/BL buses are occupied. By properly choosing the num- 

25 bers p and n, where n is the number of loop pairs and IADs, 
the present invention can be customized to support a desired 
level of lifeline services to various customers. In addition, 
this customization and flexibility provides trade offs 
between the cost and lifeline service availability for each 

3Q system. 

FIG. 10 illustrates a matrix architecture to enable traffic 
optimization in accordance with the second preferred 
embodiment of the present invention. The copper cross 
connect matrix in the CX 103x now has p-number of BL 
35 buses with each terminating with a corresponding PMC-1 
37a, PMC-P 37p in the IAD-C 105* for a total of p-number 
PMCs. Consequently, the CX 103* and LAD-C 105* archi- 
tectures can support multiple lifeline services simulta- 
neously. 

4 q In greater detail, assuming BL bus is occupied, the next 
call to/firom the lifeline telephone can be supported by a 
different BL bus in the CX 103*. This process can continue 
until all the available BL buses are occupied. By properly 
choosing the numbers p and n, where n is the number of loop 

45 pairs and IADs, the present invention can be customized to 
support a desired level of lifeline services to various cus- 
tomers. In addition, this customization and flexibility pro- 
vides trade offs between the cost and lifeline service avail- 
ability for each system. 

50 FIG. 11 illustrates a more detailed block diagram of the 
RCB within the IAD in accordance with the preferred 
embodiments of the present invention. The RCB 214 
includes a signal conditioner SC 300, first OR gate (OR1) 
302a, second OR gate (OR2) 302b, latch (LH1) 304 and 

55 relay driver (RDR) 306. 

The relay and an associated suppression diode D are 
also illustrated in FIG. 11. Relay is preferably a standard 
(i.e. non-latching) type relay to insure that when the power 
supply fails in the IAD-i, the relay K B automatically reverts 

60 to the "de-energized" or "reset* mode. The diode D is used 
to suppress the voltage transient produced during operation. 

In further detail, the SC 300 conditions the signal from- 
the tip and ring wires to be within the voltage range 
acceptable to the circuitry in the RCB 214. The detected 

65 signal is compared to reference voltages to generate either a 
"set" or "reset" signals at the SC 300 outputs, which is 
dependent on the input signal level and polarity. 
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When a "set" output is generated in the SC 300, it is sent lifeline telephone PH-m to the tip and ring wires. This is 
to the first OR gate OR1 302a before it is inputted into the accomplished when the system software commands the CX 
"s" (set) input of the latch LH1 304. Conversely, when a to actuate the relay KTi therein, thereby connecting the loop 
"reset" output is generated in the SC 300, it is sent to the pair-i to the test bus TB. This allows the IAD-i to connect to 
second OR gate OR2 3026 before it is inputted into the "rs" 5 the tesl nead TH in the cross connect CX. The TH is then 
(reset) input of latch LH1 304. For example, a logical 1 at commanded to send a longitudinal DC voltage signal to reset 
the output of first OR gate OR1 302a produces a logical 1 rela y k b, which de-energizes it, and connects the lifeline 
at the Ql output of latch LH1 304, and logical 1 at the output telephone PH-m to the tip and ring wires. An example of the 
of second OR gate 302fc produces a logical 0 at the Ql signaling approach iis disclosed in ' co-pending ^applica- 
nt t ^ io tlons °- 09/476 > 226 filed Dec - 30 > 1999 » tltled 

J!' . . "Remotely Addressable Maintenance Unit" and Ser. No. 

The signal Ql is then sent to the relay driver RDR 306. 09/516,345 filed Mar. 1, 2000, titled "Remotely Actuated 

If the signal Ql is a logical 1, the RDR 306 will energize the Splitter Bypass System and Method", 

relay K B . In addition, if the detected signal at the tip and ring In one embodiment, relays are "set" or energized when an 

wires produces a logical 1 at the SC 300 "set" output, the appropriate positive voltage is applied from tip and ring 

relay K B is again "set" or energized. On the other hand, if the ^ wires respecl t0 t jj e ground wire. Conversely, relays are 

detected signal produces a logical 1 at the SC 300 "reset" "reset" when an appropriate negative voltage is applied from 

output, the relay K B is "reset" or de-energized. This process tip and ring wires with respect to the ground wire, 

is used to provide the lifeline support when the IAD 212 has \ n greater detail, each relay can be set with a positive 

failed for any reason as in the case (3) described below. polarity, using some arbitrary voltage range, which range is 

It should also be noted that there are two other signals, 20 pre-defined/pre-designed. Conversely, each relay can be 

designated as "set" and "reset", sent from the SIB block 32 reset with a negative polarity, using some arbitrary voltage 

to the first OR gate OR1 302a and second OR gate OR2 range, which range again is pre-defined/pre-designed. In 

302b, respectively. Again, logical l's in these signals will additional, a particular voltage range that sets a particular 

enable the same operation behavior for relay K B as described relay or relays may include a reciprocal voltage range to 

above. This process is used to control the lifeline support 25 reset another relay or relays. In this manner, multiple relays 

function when there is a need to bypass the functional IAD can be remotely actuated from the CO by providing different 

212 for testing or maintenance as in the case (4) described voltages and polarities. The polarity of the voltages for set 

below. and reset conditions can be interchangeable by a person skill 

FIG. 12 illustrates an example of a detailed circuit dia- m tnis art set having negative polarities and reset 

• gram of the SC 300 in accordance with the preferred having positive polarities). 

embodiments of the present invention. The SC 300 is. For the fourth case (4), the relay K b can be "reset" 

represented by resistors R1-R6, capacitor CI, and amplifiers (de-energize) and "set" (energize) using the service interface 

Al, A2. Resistors Rl, R2 and R3 form a voltage divider to block SIB. This operation is described in greater detail 

scale the signal to be within the voltage operation range of 35 earlier herein. 

the circuit. The voltage range is defined by supply voltages The relays described herein can be switched via software, 

V- and V+. Capacitor CI is used to filter out spurious hardware, or combinations thereof, but in certain 

signals, which could cause erroneous operation. One end of embodiments, the relays are controlled via hardware func- 

the resistors R4, R5, and R6 string connects to the V+ and tions. Further, although the lifeline service described herein 

the other end connects to V- to form a voltage divider in 4Q is implemented with one bypass relay, it is understood that 

order to generate reference voltages VR1 and VR2. In one more than one relay in the customer premise can be used 

embodiment, the reference voltage VR1 can be positive with herein. and is within the scope of the present invention, 

respect to ground and the reference voltage VR2 can be la other embodiments, other components can be substi- 

negative with respect to ground. Amplifiers Al and A2 tuted for the specific components described herein so long as 

compare the voltage V in , which is proportional to voltage at 45 these components perform essentially identical functions as 

the tip and ring wires, with reference voltages VR1 and described herein. 

VR2. When the voltage V £n is more positive than reference i n me previous descriptions, numerous specific details are 

voltage VR1, this will result in a logical 1 at the "set" output. ^ f orth> sucn ^ specific functions, components, etc., to 

On the other hand, when the voltage V in is more negative provide a thorough understanding of the present invention, 

than reference voltage VR2, this will result in a logical 1 at 5Q However, as one having ordinary skill in the art would 

the "reset" output. recognize, the present invention can be practiced without 

In summary, there are generally four different conditions resorting to the details specifically set forth, 

that require actuating the relay K b for lifeline support: (1) Although only the above embodiments have been 

electrical power outage at the customer premise; (2) failure described in detail above, those skilled in the art will readily 

of the power supply powering the IAD 212; (3) failure of 55 appreciate that many modifications of the exemplary 

particular components of the IAD 212 without power supply embodiments are possible without materially departing from 

failure; and (4) voluntary bypassing of the IAD 212 in cases the novel teachings and advantages of this invention, 

where the TU-C has failed or for testing and maintenance. We claim: 

For the first two cases (1) and (2), the electrical power 1. A method for providing a lifeline service to a customer 

outage de-energizes relay K B and automatically connects the 60 using a VoDSL service, the method comprising: 

lifeline telephone PH-m to the tip and ring wires, bypassing actuating a first relay in a first integrated access device at 

the IAD-i components. The OSS (system software) receives a customer premise, the actuating of the first relay 

status of the power outage through its protocols via the allowing a lifeline terminal to connect directly to tip 

TU-C in the DSLAM For the third case (3), the system and ring wires while bypassing certain components in 

software receives status of IAD-i failure from the EMS of 65 the first integrated access device, wherein the first relay 

the DSLAM through protocols for the TU-C. The OSS will is actuated by a DC voltage signal from a test head in 

need to provide the necessary commands to connect the a central office; 
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inserting a second integrated access device from the 
central office in the tip and ring wires using a second 
relay, wherein the second integrated access device is 
coupled to a DSLAM and a cross connect unit; 

applying a voltage to the lifeline terminal from the central 5 
office; and 

providing the lifeline service to the customer through the 
lifeline terminal. 

2. The method according to claim 1, wherein the second 
integrated unit comprises a service interface block coupled 10 
to a central office termination unit and a central office 
terminal module. 

3. The method according to claim 2, wherein the central 
office termination unit is connected to the DSLAM using a 
lifeline connection link and the central office terminal mod- 15 
ule is connected to the cross connect unit using a bypass bus. 

4. The method according to claim 1, wherein the first relay 
is actuated when the first integrated access device at the 
customer premise has failed. 

5. The method according to claim 1, wherein the first relay 20 
is actuated before testing or maintenance of the VoDSL 
service. 

6. The method according to claim 1, wherein the lifeline 
terminal comprises a telephone and the central office termi- 
nal module comprises a telephone module. 

7. The method according to claim 1, wherein the actuating 
further comprises de-energizing or energizing the first relay 
to bypass certain components in the first integrated access 
device. 

8. The method according to claim 7, wherein the certain 30 
components comprise a customer termination unit, a cus- 
tomer service interface block, and a customer terminal 
module. 

9. The method according to claim 1, wherein resetting or 
setting the first relay provides a bypass mode. 



25 



10. The method according to claim 1, wherein the first 
relay comprises a non-latching relay. 

11. The method according to claim 1, wherein the test 
head is coupled to the first relay using a test bus. 

12. A method of simultaneously providing lifeline ser- 
vices to a plurality of lifeline terminals using VoDSL 
service, comprising: 

actuating a plurality of relays in a plurality of first 
integrated access devices at the plurality of customer 
premises, the actuating of the relays allowing a plural- 
ity of lifeline terminals to bypass certain components in 
the plurality of the first integrated access devices and 
connect directly to a plurality of tip and ring wires, 
wherein one or more of the plurality of relays is 
actuated by a DC voltage signal from a test head in a 
central office; 

inserting a second integrated access device having a 
plurality of central office terminal modules from the 
central office in the tip and ring wires using a plurality 
of second-relays, wherein the second integrated access 
device is coupled to a DSLAM and a cross connect 
unit; 

applying voltages to the lifeline terminals; and 
providing the lifeline services to the plurality of custom- 
ers through the plurality of lifeline terminals and the 
plurality of central office terminal modules. 

13. The method according to claim 12, wherein the certain 
components comprise customer termination units, customer 
service interface blocks and customer terminal modules. 

14. The method according to claim 12, wherein the 
plurality of central office terminal modules are coupled to a 
central office service interface block and central office 
termination unit. 
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